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ABSTRACT

Purpose: The capacity of eccentric actions to produce muscle hypertrophy, strength gains, and neural adaptations without stressing the cardiopulmonary
system has led to the prescription of eccentric training programmes in patients with low tolerance to exercise, such as elders or those with chronic health
conditions. The purpose of this systematic review was to analyze the evidence regarding the effectiveness and suitability of eccentric training to restore
musculoskeletal function in patients with chronic diseases.

Summary of Key Points: Relevant articles were identified from nine databases and from the reference lists of key articles. Articles were assessed to
determine level of evidence and scientific rigour.

Nine studies met the inclusion criteria. According to Sackett’s levels of evidence, 7 studies were graded at level Iib, 1 study at level IV, and the remaining
study at level V. Articles were also graded for scientific rigour according to the PEDro scale. One study was rated as high quality, 4 studies were rated as
moderate, and 2 studies were graded as poor quality.

Conclusions: Eccentric training may be safely used to restore musculoskeletal function in patients with some specific chronic conditions. However, the
heterogeneity of diseases makes it very difficult to extrapolate results and to standardize clinical recommendations for adequate implementation of this
type of exercise. More studies are needed to establish the potential advantages of eccentric training in chronic conditions.

Key Words: atrophy, chronic disease, eccentric training, muscle dysfunction

Roig M, Shadgan B, Reid WD. Eccentric exercise in patients with chronic health conditions: a systematic review. Physiother Can.
2008;60:146-160.

RESUME

Objectif: La capacité des actions excentriques de produire I’hypertrophie musculaire, une masse osseuse accrue et des adaptations neurales sans exercer
de fatigue sur le systéme cardiopulmonaire a mené a la prescription de programmes d’entrainement excentrique chez les patients ayant une tolérance
faible a I'exercice, comme les ainés ou ceux qui sont atteints d’états de santé chroniques. Cette étude méthodique a pour but d’analyser les preuves
scientifiques concernant I'efficacité et la pertinence de I’entrainement excentrique dans le rétablissement de la fonction musculosquelettique chez les
patients atteints de maladies chroniques.

Resume des points cles: Des articles pertinents ont été identifiés a partir de 11 bases de données et listes de référence d’articles clés. Les articles ont été
évalués afin de déterminer le niveau de preuves scientifiques et la rigueur scientifique. Neuf études ont satisfait aux critéres d’inclusion. Selon les niveaux
de preuve de Sackett, sept études ont été classées au niveau llb, une étude au niveau IV et la derniére étude au niveau V. Des articles ont aussi été classés
pour leur rigueur scientifique selon I’échelle PEDro. Une étude a été classée comme étant de haute qualité, quatre études comme étant de qualité
moyenne et deux études ont été classées comme étant de qualité médiocre.

Conclusions: |’entrainement excentrique peut étre utilisé en toute sécurité pour rétablir la fonction musculosquelettique chez les patients atteints d’états
chroniques spécifiques. Cependant, I'hétérogénéité des maladies rend tres difficiles I'extrapolation des résultats et la standardisation des recommanda-
tions cliniques pour I'application adéquate de ce type d’exercice. Plus d’études sont requises pour établir les avantages potentiels de I'entrainement dans
le cadre des états chroniques.

Mots clés: atrophie, maladie chronique, entrainement excentrique, dysfonction musculaire
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BACKGROUND

Eccentric (lengthening) actions are characterized by
elongation of the muscle during active contraction.
Greater forces can be produced during eccentric contrac-
tions than during concentric (shortening) actions.'™
However, the metabolic cost of negative work (e.g.,
downhill walking) is much less than that of positive
work (e.g., uphill walking).® For instance, several studies
have reported reduced cardiorespiratory and haemody-
namic responses when eccentric exercise is compared to
concentric exercise at the same absolute workload.”*?
These results are consistent with investigations illustrat-
ing a relatively low ATP turnover and a reduced concen-
tration of metabolites, such as ammonia and lactate,
during negative work."?

Different theories have attempted to explain this lower
metabolic cost. The current view is that there is a greater
contribution of elastic components in the muscle-tendon
complex during eccentric actions, thus increasing the
potential of force production at reduced energy expendi-
ture.''% Skeletal muscle has a great capacity to absorb
mechanical energy during eccentric actions, and a large
proportion of this stored energy is reused to reduce the
active force requirements in the subsequent concentric
muscle contraction.!” The reduced surface electromyo-
graphic (EMG) activity of muscles performing eccentric
actions is consistent with the postulated superiority of
the mechanical efficiency of these muscle contractions.'®

The intensity of the muscle contraction seems to be an
important stimulus for muscle growth and strength
development,' and, therefore, the greater capacity of
eccentric actions to produce force has received the atten-
tion of many investigators, who have explored the effec-
tiveness of eccentric exercise regimens in enhancing
skeletal muscle performance.?® Although muscle adapta-
tions observed after training tend to be contraction-
specific,?"?? it is generally accepted that exercise proto-
cols in which eccentric actions are emphasized produce
more important gains in strength,?** muscle mass®>%®
and neural adaptations®”?® than regimens consisting of
concentric actions only. Moreover, when eccentric and
concentric contractions are performed at the same met-
abolic level (i.e., oxygen consumption), eccentric-biased
interventions result in greater strength gains and muscle
fibre hypertrophy.29 The lower metabolic, neural, and
cardiorespiratory cost of eccentric actions,®® combined
with the relative preservation of eccentric force expres-
sion during ageing,®' has led to the prescription of this
type of training programme for individuals with reduced
tolerance for physical activity.** For example, eccentric
training has been demonstrated to be effective in increas-
ing muscle mass and strength and reducing fall risk in the
elderly.*®* Similarly, others have reported increased
strength gains and neuromuscular adaptations after
eccentric training compared to a conventional protocol

consisting primarily of concentric actions.*® It is note-
worthy that recent studies have used elevated training
intensities with eccentric contractions to restore muscu-
loskeletal function in patients with different chronic dis-
eases.>* 3¢

Musculoskeletal dysfunction is relatively common in
patients with chronic conditions such as chronic
obstructive pulmonary disease,*”*® chronic heart fail-
ure,*?*? and stroke.*"** This decline in muscle function
reduces functional mobility and physical capacity, which,
in turn, can result in a limited ability to maintain muscle
activity and decreased levels of protein synthesis.***¢
However, the exact aetiology of this deterioration is not
yet clear. Disease-specific factors that cause muscle
impairment (e.g., oxidative stress) may be related to the
nature of the pathophysiologic changes that affect the
target organ. However, given that most of these patients
have multiple chronic conditions, the specific factors
initiating muscle deterioration and atrophy are difficult
to determine. The aetiology of the dysfunction (i.e.,
neural, metabolic, mechanical), the patient’s character-
istics (age, gender), the disease severity, and even the
type of treatment received (e.g., exercise, drugs) may
interact synergistically to induce muscle pathology and
atrophy. The extent to which each of these factors affects
muscle activity is uncertain. However, it is believed that
some of the deleterious changes observed in the muscles
of these patients are not only produced by the disease per
se but are also due to the lack of physical activity com-
monly observed with ageing. The improvements in
muscle function observed in older adults enrolled in
resistance training programmes partially support this
view.*”*® Trials comparing muscle characteristics of
highly trained young and senior athletes have shown
that trained subjects can indeed maintain and improve
muscle function regardless of their age.*® Therefore, it is
likely that physical inactivity plays an important role in
reducing overall muscle function in some patients with
chronic diseases as well. Moreover, the effectiveness of
exercise in maintaining mobility and minimizing muscle
wasting in most people with chronic conditions is, at this
point, indisputable.>®! Likewise, the design of new strat-
egies to prevent muscle atrophy and declines in strength,
endurance, and coordination in these diseases requires
further exploration.

To our knowledge, a review regarding the application
of eccentric exercise to restore musculoskeletal function
in persons with chronic conditions has not yet been con-
ducted. Given the potential application of this type of
exercise in patients with low exercise tolerance, we
decided to perform a systematic review that included
populations with different chronic health conditions to
determine whether there were commonalities and
disease-specific issues related to eccentric exercise pre-
scription. Therefore, the main aim of the present system-
atic review was to explore the current evidence regarding
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the effectiveness and suitability of eccentric exercise in
restoring musculoskeletal function in patients with
different chronic conditions.

METHODS
Search Strategy

The literature search included articles from the follow-
ing databases: Cochrane Controlled Trials Register,
MEDLINE, CINAHL (Cumulative Index to Nursing and
Allied Health Literature), EMBASE, SPORTDiscus, Web
of Science, PEDro (Physiotherapy Evidence Database),
Proquest theses, and PapersFirst. Reference lists from
key articles related to the topic were also reviewed.
Only studies written in English were included, and the
literature search was restricted to the years between
1966 and 2006. The search was initially supervised by a
health sciences reference librarian, who helped to define
the criteria in order to find as many sources of informa-
tion as possible. The key words used to perform the
search were “eccentric training,” “eccentric contraction,”
“eccentric exercise,” “excentric contraction,”
“lengthening contraction,” “pliometric contraction,”
“pliometric action,” and “negative work.” These search
terms were chosen because they have traditionally been
used to describe eccentric training or eccentric contrac-
tion. The results of this primary search were then com-
bined with the following chronic clinical conditions:
“respiratory disease” (“chronic obstructive pulmonary
disease,” “emphysema,” “chronic bronchitis,” “cystic
fibrosis,” “bronchiectasis,” “asthma”), “neurological dis-
ease” (“stroke,” “Parkinson’s disease,” “multiple
sclerosis,” “poliomyelitis”) “cardiovascular disease”
(“chronic heart failure,” “coronary artery disease,”
“cardiomyopathy”), “muscle dystrophy,” “osteoarthritis,”
“rheumatoid arthritis,” “osteoporosis,” “diabetes,” “renal
disease,” “cancer,” “obesity.” These conditions were
selected based on the following definition: “Chronic dis-
eases are those which are permanent, leave residual dis-
ability, are caused by non-reversible pathological
alteration, require special training of the patient for reha-
bilitation, or may be expected to require a long period of
supervision, observation, or care.”** Two reviewers per-
formed the data search independently, using the same
procedures. The two reviewers compared their search
results, and studies were included for review according
to the study-selection criteria.

Study Selection

Studies selected for inclusion were those in which (1)
patients were affected by some of the chronic diseases
previously defined;*? (2) a specific and well-defined com-
ponent of eccentric exercise was included; (3) eccentric
training was performed at least twice a week, for a
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minimum of 4 weeks—training was considered only
when it involved at least 2 sets of 10 repetitions per tar-
geted muscle and per session (resistance training) or
lasted a minimum of 20 minutes (endurance training);
and (4) the minimum age of the patients was set at 18
years. No limitations regarding the type of study design
were applied. Studies excluded from the review were
those in which (1) subjects were affected by other poten-
tial co-morbidities not included in the definition of
chronic disease,® or had acute conditions (e.g., muscle
strains) or overuse injuries (e.g., chronic Achilles tendi-
nosis); (2) eccentric exercise was not clearly defined as
the primary component of the intervention for at least 1
study group (e.g., studies in which concentric and eccen-
tric protocols were not provided separately or in which
the eccentric phase of the movement was not sufficiently
emphasized); or (3) interventions did not meet the min-
imum inclusion criteria in terms of training design
(volume, frequency, length).

Data Extraction

Two independent reviewers performed the data
extraction, analyzing the characteristics of each study
that met the inclusion criteria. Standardized forms spe-
cifically created for the purposes of the review were used.
After the data were extracted, the two reviewers com-
pared their results. In cases of disagreement, a third
reviewer was included in the discussion until consensus
was obtained.

Review Criteria

In the present review, Sackett’s initial rules of evi-
dence,”® as described by the Oxford Centre for
Evidence-Based Medicine, were used to evaluate the
level of confidence provided by the results of the selected
studies.’*>® This adaptation of Sackett’s initial rules of
evidence allows a more detailed categorization of the dif-
ferent levels of evidence according to the characteristics
of the study design and the control of potential threats
to internal validity.>® To assess interrater reliability, all

Table 1 Sackett’s Initial Rules of Evidence, as Described by the
Oxford Centre for Evidence-Based Medicine>*

Level of Type of Study
Evidence
I (a) systematic review (homogeneous) of high quality RCTs

(b) individual high-quality RCTs
(c) all or none

1I (a) systematic review (homogeneous) of cohort studies
(b) individual cohort study, including low-quality RCTs
(c) “outcomes” research

11 (a) systematic review of case-control studies
(b) individual case-control studies
v case series (no control group) and low-quality cohort and

case-control studies.
expert opinion and single-subject design studies
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selected studies were scored by two independent raters.>”
Any disagreements were discussed until consensus was
achieved, and in the event that differences could not be
resolved, a third reviewer scored the study. Sackett’s ini-
tial rules of evidence, as used in this review, are shown in
Table 1.

Methodological Quality of Reviewed Studies

There are many examples of different quality-assess-
ment tools in the literature, but we decided to use the
PEDro scale,®® because the scoring items appeared well
suited to evaluate studies within the realm of rehabilit-
ation and also because it has previously shown good
reliability.>*®® This scale was originally adapted from
the Delphi list for quality assessment of randomized con-
trolled trials (RCTs) for conducting systematic reviews®!
and is based on the following 11 items relating to scien-
tific rigour: eligibility criteria, random allocation, con-
cealed allocation, follow-up, baseline comparability,
blinded subjects, blinded therapists, blinded assessors,
intention to treat, between-groups analysis, and both
point and variability measures. All items except 1 (eligi-
bility criteria) were used to calculate the final score (max-
imum 10 points). This item was excluded because it
affects external but not internal or statistical validity.*®
A study was considered to be of high quality if its
PEDro score was greater than 5, of moderate quality if
the score was 5 or 4, and of low quality if it scored 3 or
lower. The scientific rigour of the selected articles was
independently assessed by two reviewers, and the inter-
rater reliability of the PEDro scale was evaluated using
the intraclass correlation coefficient (ICC Type 2,1),5 cal-
culated on the total scores. In cases of disagreement, as
in the process of determining the different levels of evi-
dence, a third reviewer was included in the scoring pro-
cess to reach a final consensus.

Effect Size

To determine the effectiveness and suitability of
eccentric training in improving some relevant musculos-
keletal aspects affecting patients with chronic diseases,
the effect size for comparable outcome measures was
calculated. The effect size index (d) is defined as the
degree of differences between groups and was calculated
by dividing the difference between group means by the
average standard deviation of the groups.>” The different
levels of interpretation of this index were categorized
according to the criteria established by Cohen: large
effect (d>0.8), moderate effect (0.2<d<0.8), and small
effect (d<0.2).5 When numerical comparisons were not
possible, differences between trials were evaluated
descriptively by exploring study population, types of
interventions, and outcomes.

RESULTS

The primary search strategy led to a large number of
studies (N=69). Nevertheless, many of the articles ini-
tially found were subsequently excluded because neither
the title nor the abstract contained relevant information
on the topic of this review. In the end, only nine studies
met the inclusion criteria.3**%3-5% The main reasons for
exclusion were (1) that eccentric interventions were not
provided separately or were not sufficiently emphasized
and (2) that the targeted population was not affected by
any specific chronic condition. For instance, some stu-
dies exploring the potential use of eccentric protocols in
elderly individuals were not included in the data analysis
because the specific diseases of the patients were not
reported® or because aspects such as sarcopenia,’® fall
risk, and frailty®® were associated with the ageing process
rather than with chronic disease. Seven articles used an
experimental design that compared eccentric and con-
centric interventions.3*?5636%6768 The outcomes, how-
ever, varied substantially depending on the clinical
conditions studied. In addition, a case report66 and a
one-group quasi-experimental design study®* were also
included. Three studies were related to coronary artery
disease,*®5*%” two to Parkinson disease,*®® and one
each to chronic obstructive pulmonary disease,®
osteoarthritis,* and stroke.®® It should be noted, how-
ever, that two of the studies involving persons with cor-
onary artery disease,*®5* and both studies of persons
with Parkinson disease,**®> used the same group of sub-
jects in each of the two sets of studies (personal commu-
nication with study authors). Because it met all the
inclusion criteria, one article in which eccentric training
was used in patients with polymyositis was also
included.®® In six of these articles,3*36:63-6567 eccentric
training was provided through a custom-built, specially
designed, motor-driven ergometer, whereas isokinetic
ergometers were used in the three remaining stu-
dies.>>®%% A more detailed description of the studies is
presented in Table 2.

Levels of Evidence

Interrater agreement on the levels of evidence for the
articles chosen was 100%. Likewise, both independent
reviewers categorized the selected articles following
the same criteria. Seven articles were rated at level IIb
(low-quality RCTs) because of their small sample sizes
and the weakness of their results. 3>3¢63-656768 Qpe of
the two remaining articles was allocated to level 1V,
since no control group (i.e.,, concentric group) was
included (one-group, pretest-posttest design),®* and
the last article was rated at level V, as it was a case
report.?® Levels of evidence for each study are reported
in Table 2.



Table 2 Main Characteristics of the Studies Included in the Systematic Review, Including Levels of Evidence

Study Design Sackett’s  Disease Sample Age Intervention Duration  Frequency Outcome Effect Size Results
Level of Size Groups (n patients) Measures
Evidence and
Gender
Rooyackers RCT IIb COPD 20m, 4w 36-72 GT (n=12): dynamic and isometric ~ 10 weeks 5 days/ Work output, Work: GT=0.31;  Some cardiopulmonary para-
et al. (2003)%* exercises, 20 min interval cycling week cardiorespira- GT +Ecc=0.23 meters (HR and gas exchange)
(2 min rest + 2 min exercise) tory responses, 6MWD: GT =0.69; improved only slightly in Ecc
6MWD, CRDQ GT + Ecc=0.87 protocol. Patients in Ecc group
GT+ Ecc (n=12): dynamic and iso- CRDQ: GT=0.90; were able to maintain higher work
metric exercises, 20 min interval GT + Ecc=0.78 loads at reduced RPE. Work
cycling (2 min rest + 2 min exercise) + output was not significantly dif-
progressive eccentric cycling up to 15 ferent between groups. GT + Ecc
min group slightly improved 6MWD,
but GT was slightly better in the
CRDQ.
Meyer et al. RCT ITb CAD 13 m 40-66 Ecc (n=7): eccentric cycling (30 min 8 weeks 3 days/ Work output,  Work output: Similar haemodynamic responses
(2003)%* at 65% VO,peak) week cardiorespira- Ecc vs. (except for the first 5" of exercise,
Con (n=6): concentric cycling tory responses Con=4.45 when Con protocol elicited lower
(30 min at 65% VO,peak) responses in some haemody-
namic parameters using four-fold
power output in the Ecc group).
Blood lactate accumulation was
much lower in the Ecc group
during exercise.
Steiner etal.  RCT ITb CAD 12 m 44-60 Con (n=6): concentric cycling 8 weeks 3 days/ Muscle mass, Work output: Ecc  Ecc group achieved a three-fold
(2004)%¢ (30 min at 60% VO,peak from week 5) week strength, fibre vs. Con=5.74 total workout compared to Con
plus comprehensive rehabilitation size, RPE, Strength: group. Strength gains were
program work output  Ecc=4.9% (Isom), observed only in the Ecc group
(calisthenics, stretching, relaxation) 3.2% (Con 60), (isometric and concentric isoki-
2.5% (Con 120); netic at either faster or slower
Con=n.s. velocity). Fibre CSA increased
Ecc (n=6): eccentric cycling (30 min Muscle mass =n.s. only in the Ecc group. RPE related
at 60% VO,peak from week 5) plus Fibre size: Ecc vs.  to the LEs was higher in the Ecc
comprehensive rehabilitation pro- Con=0.56 group, whereas the Con group
gram (calisthenics, stretching, showed a higher RPE related to
relaxation) cardiorespiratory effort.
Zoll et al. RCT 1Ib CAD 12 m Not Con (n=6): 30 min concentric 8 weeks 3 days/ Mitochondrial n.p. COX-4 mRNA was significantly
(2006)%7 reported  cycling at 60% VO,peak from week 5 week biogenesis and reduced and Tfam transcript

Ecc (n=6): 30 min eccentric cycling
at 60% VO,peak from week 5

function, con-
tractile
phenotype,
mechanical
stress markers

concentration showed a modest
drop in the Ecc group. These
decreases corresponded to a
reduction in total mitochondrial
volume density. MyHC Ila tran-
script was significantly reduced
and MyHC I showed a trend
toward a reduction in the Ecc
group. No differences were found
in IGF-I mRNA levels between
groups.
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Dibble et al.
(2006)%°

Engardt et al.
(1994)%®

Dibble et al.
(2006)**

RCT

PP

RCT

ITb

1Ib

PD

PD

19

10

15m, 5w

40-85

40-85

54-71

Ecc (n=10): calisthenics, stretching, 12 weeks 3 days/
walking, cycling, lifting weights upper week
extremities plus high-intensity

eccentric cycling (45-60 min)

Standard care treatment (n=9):
calisthenics, stretching, walking,
cycling, lifting weights upper extre-
mities (45-60 min)

Ecc (n=10): eccentric cycling with 10 weeks 2 days/
progressively increased intensity week
(RPE)

Ecc (n=10): eccentric isokinetics: 12 weeks 3 days/

repeated sets at different velocities week
(60-180 deg.s™")

Con (n=10): concentric isokinetics:

repeated sets at different velocities

(60-180 deg.s")

Muscle
volume,
torque,
mobility
measures,
LE pain
(VAS), RPE

Torque,
muscle
activity
(EMG), gait,
body weight
distribution

CK, LE
pain, (VAS),
isometric
force, work
output

Muscle volume:
(Ecc):

MALE =0.27,
LALE = 0.26;
(Standard):
MALE =0.04,
LALE=0.14
Torque: (Ecc):
MALE=0.77,
LALE=0.73;
(Standard):
MALE =0.25,
LALE=0.06
Mobility perfor-
mance: (Ecc):
6MW =0.68,

SD =0.53,
SA=0.41;
(Standard):
6MW = 0.20,
SD =0.01,
SA=0.03
Torque: (Ecc):
Ecc(60) =0.70,
Ecc(120) =0.66,
Ecc(180) =0.63;
Con(60) =0.69,
Con(120) =0.64,
Con(180) =0.60;
(Con):

Ecc(60) =0.56,
Ecc(120) =0.64,
Ecc(180) =0.65;
Con(60) =0.62,
Con(120) =0.74,
Con(180) =0.84
n.p.

Greater increases in muscle
volume, muscle force, and
functional status in the Ecc group.
Minimal LE pain in the Ecc group
during the first two weeks; the rate
of perceived exertion (RPE) of the
LEs increased only from week 1 to
week 4 in the Ecc group.

Ecc group increased more Ecc and
Con strength in the paretic LE
compared to the Con group.
Antagonistic activity increased
after Con training only.
Symmetrical body weight
distribution in rising from a sitting
position only after Ecc training.
No differences in gait speed and
duration of swing phase.

No significant CK concentrations
and low pain scores (VAS).
Significant increases in isometric
force and total power output.

(Continued)
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Table 2 Contd.
Study Design Sackett’s  Disease Sample Age Intervention Duration  Frequency Outcome Effect Size Results
Level of Size Groups (n patients) Measures
Evidence and
Gender
Giir et al. RCT b OA 23 41-75 Con (n=9): 12 reps knee extensors- 8 weeks 3 days/ Functional Total functional ~ Both training groups increased
(2002)* flexors week capacity, capacity: CSA and torque of knee muscles,
pain at rest (Ecc/Con) =1, increased functional capacity, and
and during (Con) =0.88 reduced pain scores. The Ecc/Con
activities Pain: greater in group showed more improve-
(VAS), peak Ecc group ments in functional capacity,
Con/Ecc (n=28): 6+ 6 reps knee torque, CSA CSA: n.s. Con whereas the Con group showed
extensors-flexors of knee vs. Ecc/Con more reduced pain scores. Non-
Non-treatment (n=6) muscle Strength: n.s. treatment group did not show
groups Con. vs Ecc/Con  significant differences between
pre- and post-tests.
Harris-Love ICR \% PM 1m 64 Ecc (n=1): eccentric isokinetics: 1 12 weeks 2 days/ Peak torque n.p. No exacerbation of serum enzyme
(2005)%¢ week familiarization (2 sets at 80-90% week knee exten- levels; DOMS evaluated using VAS
RM); 2-3 weeks acclimatization (2-3 sors, was non-significant. The post-
sets at 110-120% RM); 4-12 weeks DOMS (VAS), training isometric and isokinetic

progression (130-140% RM)

passive ROM,
serum enzyme
levels

measurements increased 48.8%
and 52.6% respectively. Ability to
rise from a low surface improved
slightly, but the rate of fall
remained unchanged.

Design: ICR = individual case report; PP = non-controlled pretest—posttest design; RCT = randomized controlled trial
Disease: CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; OA = osteoarthritis; PD = Parkinson disease; PM = polymyositis; ST = stroke
Intervention: Con = concentric exercise; Ecc = eccentric exercise; GT = general training; RM = repetition maximum
Effect Size: Con(60) = Concentric isokinetic torque at 60°/second; Con(120) = Concentric isokinetic torque at 120°/second; Isom = isometric peak; LALE = less affected lower extremity; MALE = most affected lower extremity; SD = stair descent;

6MW = 6-minutes walk test; n.p. = not provided; n.s. = non-significant

Outcome Measures and Results: CK = serum creatine kinase; CRDQ = chronic respiratory disease questionnaire; CSA = cross-sectional area; DOMS = delayed-onset muscle soreness; EMG = electromyography; IGF-1 = insulin-like growth factor 1;
LE = lower extremity; MyHC = myosin heavy chain; ROM = range of motion; RPE = rating of perceived exertion; VAS = visual analogue scale; VO, = oxygen consumption; 6BMWD = 6 minutes walking distance test
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Methodological Quality

The PEDro scoring system was used only for those 7
studies in which at least two groups were com-
pared.*>3¢63-656768 The ICC (type 2,1) to measure inter-
rater reliability of the PEDro scale in these studies was
poor to moderate (0.68).>” According to the PEDro rating
system, the scientific quality of the studies was categor-
ized as low for 1 study,®® moderate for 5 stu-
dies,?>3¢636768 and high in only 1 study.®® The final
scores ranged from 3 to 6 points; 5 was the most frequent
score (occurring 3 times). The most common flaw was a
lack of blinding of subjects, therapists, or assessors. In
addition, those items related to the subjects’ allocation
into groups were usually scored poorly because the allo-
cation method was not concealed. A detailed description
of the PEDro scores for the studies evaluated can be seen
in Table 3.

Effect Size

The effect size of the main outcomes was calculated
only for studies that provided raw data. The effect size
was not calculated for two trials**°® in which, because of
their design, there was no comparison between groups.
Since one study reported exclusively cellular adaptations
after eccentric and concentric training,®’ the effect size
for the outcomes of this study was not calculated. In
addition, authors of two studies had already reported
effect-size calculations for their main outcomes.*>%® In
general, eccentric training showed larger effect sizes in
terms of work production during exercise®**® and slightly
better outcomes in functional measurements.®*¢>3> The
effect sizes for the most relevant outcomes of each study
are shown in Table 2.

DISCUSSION

The main finding of this systematic review is that very
few studies exploring the use of eccentric-biased pro-
grammes in persons with chronic health conditions
have been conducted. Furthermore, using the PEDro
scale, the scientific rigour of the majority of these studies
was rated as “moderate” (71.5%) or “low” (12.9%). In par-
ticular, failure to blind subjects, assessors, and therapists,
as well as a lack of intention-to-treat analysis, reduced
the quality of all the studies. However, it is important to
take into account that, in these types of studies, blinding
of subjects and even of therapists is very difficult.
Because so few available studies met our inclusion crite-
ria, we included the two low-quality studies that explored
the use of eccentric exercise in two neurological condi-
tions.>*%® Given the small number of studies, it was
impossible to determine whether there were commonal-
ities and disease-specific issues related to eccentric exer-
cise prescription. Furthermore, the use of different

Table 3 Detailed PEDro Scores of the Group Studies Included in the Systematic Review

Total

Point

Between-Groups
Analysis

Intention
to Treat

Follow-Up

Therapists
Blinded

Subjects

Blinded

Assessors

Random Concealed Baseline
Allocation

Allocation

Study

Score

Estimates

Blinded

Comparability

and Variability

o

il

el

Z ZZ

2

Rooyackers et al. 2003
Meyer et al. 2003%*
Steiner et al. 2004%¢

Zoll et al. 2006%7

Dibble et al. 2006%°
Giir et al. 2002%

Engardt et al. 1994%®

Y = Yes; N = No

Random allocation: The allocation method must be clearly stated.

Concealed allocation: Refers to whether the person who determined subjects’ eligibility for inclusion in the trial was aware, at the time he or she made her decision, which group the next subject would be allocated to.

Subjects blinded: Blinding was considered to have occurred when it was specifically described or when a sham intervention (placebo) for the control group was specifically used.

Follow-up: A “Yes” indicates that measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups.

Intention to treat: Defined as the principle whereby data are analyzed according to group assignments, regardless of how subjects actually received treatment. In other words, the data have been analyzed assuming that each patient received the treatment to

which he was assigned.
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training modalities, such as resistance (i.e., eccentric
isokinetic)*>%®%®  training and endurance training
(i.e., eccentric cycling),**3*%3%%67 reduced comparability
among studies in terms of exercise prescription.

Some of the studies provided modest levels of evi-
dence,3>36:6376567.68 and therefore, according to these
results, the clinical application of eccentric training in
persons with chronic health conditions must be consid-
ered very cautiously. However, eccentric protocols
showed an overall increased capacity to produce work
output at relatively lower metabolic intensities;*¢%36*
that is, much more work was produced by patients per-
forming eccentric training, even though physiologic
intensity (i.e., oxygen consumption) was the same in
both groups. Furthermore, eccentric training was per-
formed without some of the adverse responses com-
monly attributed to this type of muscle action (e.g.,
muscle soreness). Studies in which muscle soreness
and rate of perceived exertion were examined demon-
strated that when eccentric training is implemented pro-
gressively, it does not increase muscle discomfort or
subjective fatigue.**®° In addition, in two of the studies
that evaluated functional performance, eccentric proto-
cols showed a slightly greater capacity to improve tasks
involving coordination and movement control.*>® In
spite of these functional improvements, one should be
cautious not to extrapolate these gains to persons with
other clinical conditions.

Cardiorespiratory Diseases

Despite the limited number of studies exploring the
use of eccentric training in persons with respiratory® or
cardiovascular®*®*%” chronic conditions, the physiologic
characteristics of this type of muscle contraction seem to
be well suited for incorporation into the training of these
patients. For instance, a recent study has shown that
resistance training may lead to increases in arterial stiff-
ness and pulse pressure.”! On the other hand, eccentric
training seems to mitigate reductions in arterial compli-
ance,’”? thus potentially reducing the risks commonly
associated with resistance training in patients with coro-
nary disease. In addition, cardiopulmonary stress is
attenuated during eccentric exercise, and the lower met-
abolic cost as well as the potential stimulus for muscle
growth from eccentric actions have been documented?
even in older adults.>*>”° However, the adequate prescrip-
tion of eccentric training for these patients requires more
investigation. Some studies not included in this review
have revealed disproportionate increases in breathing
frequency during the initial stages of the negative exer-
cise in healthy individuals.'?> Obviously, this might have
deleterious consequences for patients with cardiorespira-
tory conditions such as coronary artery disease and
chronic obstructive pulmonary disease.
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In addition, other studies have shown that there are
important differences in some acute haemodynamic
responses (initial 5 minutes) when eccentric and concen-
tric exercise are compared.'® Since peripheral muscle
activation plays an important role in regulating sympa-
thetic nerve activity, it is likely that the neurological pat-
terns regulating these responses are different depending
on the characteristics of the muscle contraction per-
formed.” Furthermore, although classical studies did
not show differential effects on muscle capillarity and
enzyme concentration between eccentric and concentric
training,”* some recent findings have reported contrac-
tion-specific molecular responses’ and cellular signal-
ling pathways®” regulating the oxidative properties of
skeletal muscle. Combined, these findings suggest
important differences in terms of training adaptations,
depending on the type of muscle contraction emphasized
during exercise.

Given the mechanical characteristics of lengthening
actions (i.e., mechanical energy is stored as heat in the
working muscles), some studies have reported increases
in core temperature during eccentric training (0.7°C) as
compared to concentric training.”® Although other stu-
dies did not find such physiologic responses,’’ the poten-
tial adverse effects of increased temperature on the
thermoregulatory system during eccentric work should
be considered in patients with altered cardiorespiratory
function.”® Given the importance of maintaining muscle
oxidative potential while reducing cardiopulmonary
stress in such patients, these aspects should be addressed
in future studies.

Neurological Diseases

The role of eccentric training in neurological condi-
tions is controversial. Only three articles involving per-
sons with chronic neurological diseases met inclusion
criteria for the present review.**®>®® Moreover, in the
two studies related to patients with Parkinson dis-
ease,>*% the training groups involved the same subjects.
However, in spite of traditional theories of neuro-
rehabilitation in which strength training was completely
avoided, the current view is that judicious resistance-
training programmes may improve muscle function”
and even functional task performance®® in patients with
some neurological disorders. In a recent review on the
use of resistance training in persons with stroke, the
authors reported that protocols including a specific com-
ponent of eccentric exercise yielded greater strength
gains than conventional training routines.?* The study
of survivors of stroke included in the present review par-
tially supports this view.®® In that study, Engardt et al.
showed that eccentric contractions induced more signif-
icant gains in strength after the paretic leg of these
patients was trained. According to these authors, the
potential advantage of eccentric exercise in persons
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with stroke may be explained by the capacity of eccentric
contractions to circumvent the limitation of force pro-
duction via inhibition of antagonist co-contraction and
activation of stretch reflexes.®® That is, while concentric
training increases antagonist activity, antagonist co-con-
traction is lower and the stretch reflex is increased during
eccentric movements.®> Both phenomena might theoret-
ically enhance the capacity to produce force while the
muscle is being lengthened.

Although the different biophysical muscle adaptations
from long-term eccentric exercise have been well docu-
mented,® the effects of this type of training in several
other aspects related to muscle function, such as move-
ment control, have not been sufficiently studied. For
instance, the impact that the potential increase in passive
muscle stiffness observed after some weeks of eccentric
cycling'® may have on the functional performance of
patients with reduced functional mobility is uncertain.
Even though eccentric contractions seem to follow a
very specialized neural pattern, possibly aimed at pro-
tecting muscle from being disrupted,® the long-term
implications of this type of training on the control and
execution of functional movements remain to be eluci-
dated. For instance, Barry et al. have suggested that the
neural specificity of eccentric contractions would limit
the transferability of strength gains from eccentric train-
ing to functional tasks performed concentrically or iso-
metrically.®* In addition, the deleterious influence that
the increased core temperature observed during negative
work”® might have in patients with some neurological
conditions, such as multiple sclerosis, should be taken
into account.”

Musculoskeletal Diseases

No studies using eccentric protocols in patients with
osteoporosis were found. However, other studies not
included in the data analysis provide relevant informa-
tion about the potential application of eccentric training
in patients with osteoporosis. For instance, it has been
observed that there is a moderate correlation between
muscle strength and bone-mass density after one year
of resistance training.®> Given the greater muscle tension
and strength gains observed after eccentric training,**®
it has been hypothesized that eccentric actions might be
effectively used in patients with reduced bone mass.
Exploring this hypothesis, Hawkins et al. reported
increased site-specific bone density using eccentric con-
tractions after 18 weeks of resistive training in young
women. % Interestingly, in this study the concentrically
trained lower extremity did not show the same osteo-
genic response, indicating that the greater force produc-
tion (load magnitude) using lengthening muscle actions
is a determinant in increasing bone density from muscle
activity. Other studies using animal models support this
view®” and warrant further investigations analyzing the

optimal intensity of this type of training to increase bone
mass, not only in healthy individuals®® but also in
patients with osteoporosis.

In contrast, the additional benefits that eccentric-
biased exercise might bring to the management of
osteoarthritis are equivocal. In one study included in
this review, Giir et al. showed that, using the same repe-
titions, eccentric/concentric training was superior to
concentric training alone in terms of functional improve-
ment in patients with knee osteoarthritis.>> Nevertheless,
the concentric protocol was more effective in terms of
pain management. Therefore, the advantage of including
eccentric muscle actions in the rehabilitation of these
patients is still unclear.

Myopathic Diseases

Only one study that used eccentric training in muscle
diseases was included in the present review.’¢ However,
this study is an individual case report, representing the
lowest level of evidence, and the results should therefore
be regarded with caution. In spite of new findings
suggesting that one bout of eccentric contractions does
not exacerbate markers of muscle damage in patients
with slowly progressive muscular dystrophies, such as
myotonic muscular dystrophy,®® the use of intensive
eccentric contractions in patients with increased suscep-
tibility to muscle injury, such as those with Duchenne
muscular dystrophy, should be avoided.”®' Studies
using animal models of muscular dystrophy have
shown that high-intensity eccentric contractions may
indeed have deleterious effects on muscle integrity, espe-
cially in older muscles with limited capacity for regener-
ation.”? Whereas the use of light resistance training
consisting primarily of concentric actions may bring
about some benefits, eccentric training does not seem
to be appropriate to restore muscle function in these
patients.

Metabolic Diseases

No studies meeting the inclusion criteria were found
regarding the use of eccentric exercise in patients with
metabolic disorders such as diabetes. However, one
interesting study reported preliminary data suggesting
that eccentric training improves glucose tolerance more
than concentric training.®®> More investigations are
needed to confirm these results.

Study Limitations

This systematic review has several limitations that
should be considered. The main limitation is related to
the small number of studies that met the inclusion crite-
ria. One potential explanation for this is the novelty of
this approach and the limited availability of eccentric
ergometers for use in rehabilitation, as illustrated by



156

the fact that the eccentric devices used in most of the
trials were very similar (created from an original
model)®* and were specifically designed for these studies.
Moreover, since eccentric contractions have traditionally
been associated with muscle damage, this may have
discouraged the development of these protocols in clin-
ical practice. In addition, the clinical heterogeneity of
the studies included in the analysis limited the power
of the review. Because of the variety of outcomes,
the power of the studies was not increased by pooling
the data or through meta-analysis, and, therefore,
some observed differences across studies were
merely described. However, given that the initial
purpose of our study was to determine whether there
were commonalities and disease-specific issues related
to eccentric exercise prescription, this variability was
expected.

Another important limitation is related to the type of
exercise performed and how this influenced interpreta-
tion of the results. In some studies, participants under-
took eccentric resistance protocols (i.e., isokinetic),
whereas in others, eccentric endurance training (i.e.,
cycling) was provided. Although we did not differentiate
between these two approaches, it is well known that
training adaptations are quite specific depending on the
type of exercise performed (i.e., resistance vs. endur-
ance). Unfortunately, the limited number of studies
made it impossible to classify them according to the
type of training protocol used. In addition, the potential
use of high-intensity loads in eccentric cycling makes it
very complicated to simply define this exercise as endur-
ance training. Despite the use of some specific training
parameters (e.g., weeks of training) to exclude trials
studying only acute responses from eccentric exercise
(e.g., responses after one or several bouts performed
the same day), it is always complicated to establish for
how much time an exercise should be performed to be
considered “training” and what is the exact point at
which training adaptations become chronic. In future
investigations, these differences might be avoided by
using more accurate descriptors to define each type of
training modality.?

Despite the efforts made to include only studies in
which the eccentric part of the movement was isolated,
this was not always possible. Both eccentric and concen-
tric actions are repeated cyclically during normal human
locomotion, and, therefore, it is difficult to isolate one
phase from the other. For instance, in the studies
in which the eccentric ergometer was used,**3%63-6567
subjects performed both muscle actions, although
the negative part of the movement was much more
emphasized. Therefore, adaptations cannot be attributed
exclusively to the eccentric component of the movement.
In contrast, the studies that used an isokinetic
device®>5%%® almost completely suppressed the concen-
tric phase of the movement in the eccentric group,
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and the potential adaptations were produced exclusively
by the eccentric stimulus.

CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH

This systematic review has shown that the evidence
for the use of eccentric contractions in persons with
chronic health conditions is very limited. Furthermore,
whereas eccentric training seems to be well suited for
individuals with diseases in which cardiopulmonary
stress is a limiting factor for exercise, the role of this
muscle contraction in other chronic conditions is
unclear. However, this review has shown relevant aspects
related to this type of exercise that merit further explora-
tion. For instance, the relative conservation of eccentric
force in older individuals®’ and in those with certain
chronic conditions, such as chronic obstructive pulmo-
nary disease®® and stroke,®” by comparison to either iso-
metric or concentric force makes this contraction a
potential tool for restoring muscle function in patients
with chronic diseases. The reduced initial levels of force
lead these individuals to experience difficulties in taking
part in rehabilitation programmes. The use of eccentric
training might circumvent this initial limitation. In addi-
tion, the great capacity of eccentric contractions to
induce muscle gains and neural adaptations at a reduced
metabolic level has been demonstrated.?® Unfortunately,
there is no consensus on the ideal prescription of this
type of exercise in patients with low tolerance to exercise
to avoid the potential adverse effects of unaccustomed
eccentric training and to account for differences in
response between women and men.”® Given that eccen-
tric training can produce deleterious effects’® and that
recovery from this type of exercise is impaired with
age,'* efforts should be made to investigate the different
factors regulating muscle damage and adaptation after
eccentric training in these patients.

In summary, future studies should investigate the use
of eccentric muscle actions in persons with different
chronic diseases. If eccentric training were shown to be
effective, a second step would involve the creation of
standardized protocols based on specific conditions
and patient characteristics. In addition, the postulated
preservation of eccentric force, its exact origin
(i.e., neural or mechanical), and whether it is a common-
ality in all chronic conditions should be explored.
The impact of eccentric-biased protocols on functional
performance requires further study. The study of the
neurological  pathways regulating transferability
from eccentric versus concentric training to task execu-
tion is an exciting area for further research. Finally,
efforts should be made to design eccentric devices
that can be used routinely in clinical rehabilitation
settings.
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KEY MESSAGES
What Is Already Known on This Subject

During eccentric muscle actions skeletal muscle
generates greater levels of force, with a reduced meta-
bolic, haemodynamic, and cardiorespiratory cost, than
concentric contractions. This efficiency of eccentric
actions can be used to restore musculoskeletal function
without stressing the cardiopulmonary system. From a
physiologic perspective, the implementation of eccentric
actions in rehabilitation programmes for people with low
tolerance to exercise, such as those with chronic health
conditions, can have some advantages over conventional
training protocols emphasizing concentric actions.

What This Study Adds

Eccentric training can be safely implemented in the
training routines of some chronic diseases. The evidence
shows that especially some cardiorespiratory and neuro-
logical conditions can potentially take advantage of this
type of training. However, more studies are needed to
establish the potential benefits of eccentric training in
chronic health conditions. The specificity of each chronic
disease makes it very difficult to establish standardized
protocols for this type of training. Despite being attrac-
tive as a new therapeutic modality, the adequate pre-
scription of eccentric training in chronic health
conditions requires further investigation.
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